Abstract-In order to explore the responses of soil enzyme activities and microbial community compositions to long-term nitrogen (N) addition in both bulk soil and microaggregate of chestnut soil, we conducted a 7-year urea addition experiment with N treatments at 6 levels (0, 56, 112, 224, 392 and 560 kg N ha -1 yr -1 ) in a temperate steppe of Inner Mongolia in China. Soil properties and the activities of four enzymes involved in carbon (C), nitrogen (N) and phosphorus (P) cycling were measured in both bulk soil and microaggregate, and phospholipid fatty acids (PLFAs) were measured in bulk soil. The results indicated that: 1) in bulk soil, N addition significantly decreased β-1,4-glucosidase (BG) and leucine aminopeptidase (LAP) activities at the treatment amounts of 224, 392 and 560 kg N ha -1 yr -1 , and obviously suppressed β-1,4-N-acetylglucosaminidase (NAG) activity at the treatment amount of 560 kg N ha -1 yr -1
INTRODUCTION
Increasing addition of nitrogen (N) has been recognized as an important factor for the functions of terrestrial ecosystem under global change scenarios [39] . Anthropogenic N enrichment can reveal dramatic impact on the alteration of soil enzyme activities and microbial compositions in N-limited systems [68] . The change of N availability in soil may increase carbon (C) input through enhancing plant biomass, microbial access to nutrients and soil organic dynamics [25, 33, 43] . As soil C input often affects C-limited saprotrophic soil microorganisms, N availability will be a driving factor for controlling the soil microbial decay rate and primary production by affecting soil enzyme activities and microbial community compositions through altered concentrations of soil organic carbon [17] .
Grasslands with the soil containing 30% of carbon pool all over the world play a vital role in maintaining the ecosystem functions such as global carbon cycle and biodiversity [32] . The semiarid temperate steppe in northern China is an important part of Eurasian grassland biome, and has undergone dramatic changes in land type, anthropogenic N input and climate [41] . The Inner Mongolia grassland, a temperate semi-arid grassland, is sensitive to N input and atmospheric N deposition rate has reached at 100-200 kg ha -1 yr -1 in
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this area [42] . In this temperate semi-arid ecosystem, N availability is suggested to be a vital driving factor affecting soil enzymes and microbes [60, 70] .
Studies in temperate steppe focus on the response of plant biomass and soil C storage to N addition have indicated the positive influences on aboveground biomass and soil C storage [40, 49, 66, 67] . A three-years of N addition experiment suggested that N addition increased root and shoot biomass by 37 and 23%, respectively, without significant impact on decomposition, causing the increase in soil C by approximately 15% [80] . Other researches related to the response of plant community structure to N addition have suggested the negative influences on plant community and richness, possibly due to the acidifying effect of nitrogen increase [59, 69, 75] . Since soil enzyme activity and microbial community compositions influencing nutrient transformation between soil and plants, the studies on their responses to nitrogen input can be particularly important in understanding the underlying mechanisms of nutrient cycles.
However, nitrogen-based increase in biomass may not translate into the enhancement of soil C availability [8, 58] . As soil P and moisture would influence the shifting of soil C in plant litter decomposition through increase N-P ratios in organisms or soil moisture by limiting the diffusion of substrates and enzymes, what's more, they will be also altered when N added [26, 76] . N enrichment can also have negative effect on soil microbial growth by changing carbon, water or phosphorus [31, 53] . Previous studies have suggested that excessive N can inhibit the secretion of ligninase by white rot fungi, thus leading to an accumulation of lignin in soil [65] . Increased lignin will hinder more soil microbes to access cellulose in plant tissues for acquiring carbon or energy through binding or physically blocking, thereby leading to the insufficiency of available C for soil microbes [44] . The mechanisms of N addition affecting soil enzymes and microbes have been proposed previously [18] . On the one hand, N addition can directly inhibit microbial growth through decreasing soil pH, and causing the leaching of magnesium and calcium, and aluminum toxicity [22] . On the other hand, N addition can also have indirectly effect on soil microbes through altering the availability of carbon.
Soil enzymes (BG, NAG, LAP, AP) are known as sensitive indicators in the decomposition of soil organic matters [1, 3] . The activity of BG can serve as C acquisition investment and decomposition [28, 61] . NAG and LAP can be secreted by microbes to hydrolyze chitin [6, 24] and to break N-terminal amino acid of the polypeptide into leucine, respectively [2, 13] . Besides the degradation of carbon-sources, microbes can also produce phosphatases (AP) to provide the nutrients for growth and enzyme synthesis [2, 54] . The effect of N input on enzyme activity in bulk soil is be universally known, but the responses of soil enzyme activity to nitrogen addition in microaggregate need to be further explored.
Soil aggregates, with more intra-aggregate pore spaces, are generally known as the habitats of microbes and executes the physical constraints on enzymes, substrates, water and gas movement [4, 34] . Especially, in microaggregate, the physical constraint and enzyme activity are higher than those in macroaggregate and lower than those in silt-clay aggregates [29, 55] . Thus, the measurement of enzyme activity in microaggregate can not only reveal the conditions of C, N and P cycles in soil, but also quantify the potential of the enzyme activity to perform soil nutrient bioavailability [14, 46] .
Moreover, soil microaggregate in chestnut is generally thought to contain more stable C by physically impeding enzymatic degradation of C-containing compounds as compared with other fractions of soil aggregates in bulk soil [1, 30, 50] . Because enzymes may be hindered contacting with the substrates through mineral absorption. In addition, roots and mycorrhizal fungal hyphae also play an important role in binding of microaggregate to format macroaggregates [35, 51, 56] . Therefore, the enzyme activity in microaggregate is a reliable indicator of the effects on soil stable C under enhanced N input.
In this study, we conducted a 7-year (2006-2012) N addition experiment to explore the effect of N addition on bulk soil enzyme activity and microbial community compositions as well as microaggregate enzyme activity at a temperate steppe in Inner Mongolian, China. The major objectives were to clarify the responses of: (1) the activities of soil enzymes (BG, NAG, LAP and AP) and microbial community compositions (total PLFAs, bacterial PLFAs, fungal PLFAs, actinomycete PLFAs and the ratios of F/B and G + /G -) to increased N addition in bulk soil, and (2) the activities of soil enzymes (BG, NAG, LAP and AP) and physiochemical properties to increased N addition in microaggregate. These studies will provide useful data for exploring management strategies for temperate steppe under increased N input scenario.
OBJECTS AND METHODS

Experimental Site
The experimental site is a temperate steppe located near the Inner Mongolia Grassland Ecosystem Research Station (IMGERS) in northern China (43°38′ N, 116°42′ E, 1250 m a.s.l.). The mean annual temperature during the long term in the experimental site was 0.3 ± 0.1°C, with mean monthly temperature ranging from -21.6°C (January) to 19°C (July). The mean annual precipitation was 345 ± 86 mm, and approximately 80% of annual precipitation was in growing season from May to September. The experiment area has been fenced against grazing by large animals since 1999. The soil was a chestnut soil in Chinese classification or Calcic-orthic Aridisol in US soil taxonomy classification system [67] . The perennial rhizomatous grass Leymus chinensis and the perennial bunchgrass Stipagrandis are the dominant plant species, accounting for 60-75% of the total aboveground biomass [68] .
Experimental Design
The simulated N deposition experiments were conducted since 2006. There were six treatments with four replicates for each treatment. Each plot was 6 m × 6 m in dimension, and arranged in a randomized block design. Each block included six N addition levels, including 0, 56, 112, 224, 392 and 560 kg N ha -1 yr -1 (N was added as the form of urea) and was separated by a 1 m buffer.
Previous studies indicated that the growth of plants in this temperate steppe was limited by the availability of both N and P [5, 73, 74] . However, few N addition experiments have excluded the P limitation and we added 15.5 kg P ha -1 yr -1 using KH 2 PO 4 to ensure N as the only limiting nutrient. The fertilizer was thoroughly mixed with sand and then applied to the plot surface in late May or early June, 1-2 days before the rain in each year.
Soil Sampling
Soil samples were collected randomly in an "S" format at each sampling plot, and five samples per plot were collected. The upper 20 cm was collected from each plot. All soil samples from one site were combined to gain a representative sample. Then, the samples were sieved through a 2 mm mesh to remove roots, and then placed in plastic bags and stored at 4°C and immediately transported to the laboratory.
Microaggregate Sieving
For each soil sample, subsamples fractionated into 53-250 μm microaggregates through wet sieving method [20] . Then, the wet microaggregates were frozen at -20°C in case of spattering in freeze-dryer. Finally, microaggregates were lypholized at -50°C. Enzymatic analysis was conducted immediately after separation procedures were completed [1, 36, 52] .
Soil moisture was determined as mass loss after drying the soil at 105 °C for 24 h. Part of the air-dried and sieved samples were prepared for the measurement of soil pH and total organic carbon. Soil pH was measured by a pH meter with a soil-water ratio of 1 : 2.5. Soil organic carbon and total nitrogen were measured by an elemental analyzer (Vario MAX CN, Elementar, Germany). For the measurement of soil inorganic N, soil samples were extracted with 2 M L -1 KCl. The concentrations of nitrate N (  -N) and ammonium N ( -N) in the filtrates were determined using a flow injection auto analyzer (FIAstar 5000 Analyzer; Foss Tecator, Hillerød, Denmark). Soil total phosphorus was determined by HClO 4 -H 2 SO 4 digestion molybdenum-stibium-anticolorimetric method. Available soil P was measured in the Olsen's method [46] .
Soil Enzyme Activity Analysis
Soil enzymes involved in the cycling of C (β-1,4-glucosidase), N (β-1,4-N-acetylglucosaminidase, leucine aminopeptidase) and P (acid phosphatase) were assayed. Sample suspensions were prepared by 1 g soil (convert to dry weight) to 125 mL of 50 mM, pH 6.7, acetate buffer and homogenizing with a glass stick. The resultant suspensions were continuously stirred using a vortex agitator (Scientific Industries, Vortex Genie 5, USA) while 200 μL of aliquots were dispensed in 96-well microplates: 8 replicate wells per sample per assay. The activities of 4 enzymes in bulk soil and microaggregate were assayed. The microplates were incubated in the dark at 20°C for 4 h. To terminate the reaction, 10 μL aliquot of 1.0 M NaOH was added to each well. One minute later, the fluorescence was measured using a microplate fluorimeter with 365 nm excitation and 450 nm emission filters. After correcting for negative control and quenching, the activities of the enzymes were expressed in a unit of nmol g -1 h -1 [23, 48] .
Soil Microbial Community Analysis
Soil microbial community compositions were characterized by analyzing phospholipid fatty acid (PLFA) biomarkers. Phospholipid fatty acids were extracted, fractionated, and quantified from fresh soil equivalent to 8 g dry weight [10, 38] . Total microbial biomass was determined using the total concentration of PLFAs (nmol g -1 ). Specially, the PLFAs such as i15:0, a15:0, i16:0, i17:0, 16:1ω7c, cy17:0 and cy19:0 were used to represent bacterial biomarkers. The polyunsaturated PLFAs (18:2ω6 and 18:1ω9c) were chosen as fungal biomarkers. The fatty acids such as 10Me18:0 and 10Me16:0 were considered as the biomarkers of actinomycetes, and i15:0, a15:0, i16:0 and i17:0 were considered to be Gram-positive bacterial (G + ) and 16:1ω7c, cy17:0 and cy19:0 were considered to be Gram-negative bacterial (G -) biomarkers, respectively [21, 38, 77] . Buffer volume is the volume of buffer used for homogenate preparation, and soil mass is the mass of soil added to the buffer.
Enzyme Activity Calculation
Data Analysis
We used one-way analysis of variance (ANOVA) and Duncan's multiple comparison tests to determine the effects of different N treatments on soil pH, soil organic carbon, total nitrogen, total phosphorus, -N, -N, available P ( -P) and soil enzyme activities. Data were represented as mean ± standard error. Additionally, Pearson correlation coefficients were calculated to reveal the relationships among soil properties, enzyme activities, and microbial communities. The significant difference was considered at p < 0.05. All analyses were carried out with SPSS 17.0 software (SPSS Inc., Chicago, IL, USA).
RESULTS
Bulk Soil Response to N Addition
Bulk soil chemical properties. In bulk soil, increased nitrogen significantly affected pH, and SOC and -N concentrations, however, no effect on total phosphorus (TP), total nitrogen (TN) and available phosphorus ( ) concentration. It could decrease pH from 7.3 (N0) to 6.1 (N560). The SOC concentration showed a significant increase from 21.6 g kg -1 (N0) to 24.0 g kg -1 (N224) by 11%.
Ammonium ( -N) concentration showed a significant increase at N392 (82.35 mg kg -1 ) and N560 (86.33 mg kg -1 ), while nitrate ( -N) concentration exhibited a large increase at N56, N112, N224 treatments and then showed a downtrend at N392 and N560 treatments (Table 1) .
Bulk soil carbon, nitrogen and phosphorus-associated hydrolytic enzyme activity. In bulk soil, the activities of BG, NAG and LAP decreased significantly with the increased nitrogen except for AP activity. BG activity slightly decreased at the two low nitrogen addition levels (N56 and N112), and declined significantly at the N224 and the two higher levels (N392 and N560) of N addition (Fig. 1a) . The activity of NAG at N560 level (13 nmol g -1 h -1 ) was significantly lower than that in the control (N0) of 27 nmol g -1 h -1 (Fig. 1b) . The LAP activity declined significantly from N0 to N224, N392 and N560 by 43%, 52% and 63% at increasing nitrogen addition levels respectively (Fig. 1c) . The activity of AP in bulk soil was not affected by nitrogen addition ranging from 75 nmol g -1 h -1 (N112) to 110 nmol g -1 h -1 (N224) (Fig. 1d) . Bulk Soil PLFA biomarkers. Compared with the controls, the content of total PLFAs was increased by 95% when nitrogen addition reached up to 560 kg N ha -1 yr -1 . On the average, bacteria constituted 67 ± 4% of total microbial PLFAs in the field trial and ranged from 2.17 nmol g -1 (N0) to 4.53 nmol g -1 (N560). With nitrogen increasing, the fungal PLFA content had a rising trend and ranged from 0.83 nmol g -1 (N0) to 1.57 nmol g -1 (N560), but had obviously difference at all nitrogen addition levels. With the enhanced bacPLFAs and unchanged funPLFAs, the fungi-bacteria ratio showed a declining trend from 0.40 (N0) to 0.23 (N392).
Both G + and G -PLFA contents revealed a significant increase by nitrogen addition. Compared with the controls, G + PLFA and G -PLFA contents revealed the enhancement by 123% and 96% at the level of N560, respectively. G + /G -ratio was enhanced significantly at the level of N224 and varied from 1.23 to 1.63.
Correlation between bulk soil property and enzyme activity. The BG, NAG and LAP activities showed a positive relationship with pH (P < 0.01), but a negative relationship with the concentrations of SOC and -N under N addition (P < 0.05; Table 2 ). The AP activity was not correlated with soil pH, and concentrations of SOC, TN, TP and -N. In addition, BG and LAP activities had a positive relationship with the concentration of TN. All soil enzyme activities were not significantly correlated with the concentration of TP in bulk soil (P < 0.05).
Correlation between bulk soil property and microbial community. Significantly negative correlation was found between total PLFAs (totPLFAs) and the concentration of TN, while a positive relationship was found to the concentration of -N. The bacterial PLFAs (bacPLFAs) showed significant negative relationships with pH and the concentration of TN, but significant positive relationship with the concentra- 
Microaggregate Response to N Addition
Microaggregate chemical properties. Contrast with the bulk soil, we found that SOC concentration in microaggregate was decreased significantly with the increased N levels. Microaggregate pH, total nitrogen (TN) and total phosphorus (TP) concentrations were significantly lower in the nitrogen treatment than the control (P < 0.05). But nitrate ( ) concentration and available phosphorus ( ) concentration were not significant influenced by N increase. Nitrogen input resulted in a decrease of microaggregate pH by 11% from 7.5 (N0) to 6.7 (N392 and N560). The SOC concentration revealed a significant decrease from 16.6 (N0) to 12.2 g kg -1 (N560) by 27% with nitrogen amendment. Ammonium ( -N) concentrations showed a significant increase at the highest rate of 48.82 mg kg -1 (N392) while nitrate ( -N) concentrations were not significantly shifted according with nitrogen increase and varied from 1.05 mg kg -1 (N0) to 1.66 (N224). The concentration of available phospho- ) was not influenced by nitrogen supply and varied from 0.33 (N224) to 0.14 g kg -1 (N560).
Microaggregate enzyme activity. In microaggregate, nitrogen addition had no significant effects on BG, NAG and AP activities except for LAP activity (P < 0.05; Fig. 2 ). All activities of BG, NAG and AP tended to increase along the low levels of N addition, peaked at the N112 level (BG) or N224 level (NAG and AP), and then decreased at the highest N addition level. LAP activities at N392 and N560 treatment were significantly lower than that at the control (N0) and N56 treatment (P < 0.05; Fig. 2c) .
Correlation between soil property and soil enzyme activity in microaggregate. Significantly positive relationships were found between the activity of BG and the concentrations of SOC, TN and TP in microaggregate. The LAP activity showed significant positive correlations with microaggregate pH and the concentration of SOC, but a significant negative correlation with the concentration of -N. Pearson correlation analysis showed that the activity of AP was not significantly related to microaggregate pH, and the concentrations of SOC, TN and -N. However, significantly positive correlation was found between AP activity and the concentration of TP in microaggregate. Table 1 . Soil physicochemical properties (mean ± SE) in bulk soil (0-20 cm) and in microaggregate (0-20 cm) with different N addition levels (n = 4) Soil pH was measured with a soil-water ratio of 1 : 2.5. SOC: soil organic carbon; TN: total nitrogen; TP: total phosphorus. Different letters in each row indicate significant differences (P <0.05) of means under different N additions. 
DISCUSSION
Soil Enzyme Activity Response to Long-term N Addition in Bulk Soil
Previous studies have shown that BG and AP activities were not responsive until N addition reached the amount of 150 kg N ha -1 yr -1 and 100 kg N ha -1 yr -1 in Inner Mongolia, respectively [7, 67] . As compare with previous results, our studies have described that BG activity did not exhibit a significant decrease until N addition reached up to the amount of 224 kg N ha -1 yr -1 (Fig. 1) . The suppressed BG activity may be due to alleviation of limited carbon (C). Exceed N supply (>224 kg N ha -1 yr -1
) was probably stimulated plant growing and enhance soil C by increased plant litter [63, 80] , which results in the indirect impact of N addition on soil microbial C acquisition [16] . The support for this idea comes from the increasing SOC concentration. In addition, there was no significant effect of N input on AP activity and this may be due to the addition of P (15.5 kg P ha -1 yr -1 for all treatments) at the beginning of the experiments, thus microbes could obtain enough P to satisfy their living requirements without decomposing organic matter to obtain extra -P.
The amount of N addition does not result in the reduction of NAG and LAP activity less than 560 kg N ha -1 yr -1 and 224 kg N ha -1 yr -1 respectively for Inner Mongolia grassland soil. Bowles et al. have reported that higher inorganic N availability could reduce the activity of enzymes involved directly in N mineralization in agricultural system [11] , which is good agreement with our results of reduced NAG and LAP activities along with the significantly increased -N and -N concentrations. The enhancement of N availability offers plants to access N resources easily [64] . Under the condition of increased inorganic nitrogen concentration, plants apparently no longer depend on soil microbes in acquiring N resources so that the activities of N-acquiring enzymes such as NAG and LAP present an obvious decrease during N addition [40] . Additionally, the reduction of soil pH may also play a critical role through controlling the production of enzymes, ionization- 
induced conformational changes of enzymes, and/or availability of substrates and enzymatic co-factors in soil [67, 72] .
Although increased available nitrogen input can stimulate microbial growth and increase potential enzyme activities, some environmental factors such as decreased soil pH and water availability may be have negative effects on soil enzyme activity [19, 79] . Pearson correlation analysis between soil enzyme activities and soil pH has shown that the activities of BG, NAG and LAP were significantly positively correlated with soil pH. Previous experiments have demonstrated that plant growth response may be an important factor. Considering the increasing aboveground plant biomass by N addition, the increased leaf transpiration associated with greater growth rate can reduce soil water availability, thus suppressing enzyme activity [71] . Because decreased soil water availability can limit enzyme and substrate diffusion [80] .
Soil Microbial Community Response to Long-Term N Addition in Bulk Soil
Our results have indicated that N addition (392 kg N ha -1 yr -1 ) can significantly increase soil microbial community (Fig. 2) . The increased microbial community is likely due to the increased carbon input from aboveground litter production by enhancing N availability, especially in semi-arid temperate steppe with the limited available N [25, 63] . It is consistent with our results that bacPLFAs (also for G + PLFAs) is negatively correlated with soil pH and totPLFAs is significantly positively correlated with the concentration of -N in bulk soil. Demoling et al. [18] have reported that nitrogen addition can decrease soil pH, resulting in the leaching of magnesium and calcium and the mobilization of aluminum. In this way, microbes may be limited by magnesium or calcium, or may experience aluminum toxicity. Therefore, microbial growth could be inhibited by N addition indirectly. Similarly, microbes may not be limited by the same element such as N [27] , and may be limited by carbon, water or phosphorus [53, 31] . In addition, we have added 15.5 kg P ha -1 yr -1 as KH 2 PO 4 in all N addition treatments in order to exclude the soil P limitation at the beginning of the experiment and soil water availability is consistent among all treatments. Therefore, the limitation of C of microbes associated with N addition may play a critical role. As us well known, the production of aboveground plant litter usually increases N input [39] . Plant community compositions also shift towards species with greater litter quality [59, 62] , which could alleviate carbon limitation as plant litter incorporated into soil. Thus, microbial community may be enhanced by N addition through C alleviation. Table 2 . Pearson correlation analysis among soil properties, soil enzyme activities and microbial variables in bulk soil and in microaggregate * indicates significant difference at P < 0.05, ** indicates significant difference at P < 0.01. Changes in F/B ratios have implications for microbial turnover and N mineralization. Decreasing the abundance of fungi relative to bacteria should favor N immobilization, because the C/N ratio of bacterial biomass is lower than that of fungal hyphae [9] . Thus, bacterial growing needs more available N than fungal. In the present study, the reduction of soil F/B ratio by N addition may result from the impact of high levels of inorganic N ( -N and -N) availability [15] . Correspondingly, our results have showed that N addition significantly enhanced both -N and -N concentrations when N addition reached up to 392 kg N ha -1 yr -1 . The decreased F/B ratios under increasing N additions have been obtained in many experiments on similar soils [7, 9, 15, 47, 78] . These results have indicated decreases in both funPLFAs and bacPLFAs, which mainly due to the better adaptation of fungi to acidity than bacteria. Despite N addition reduced the soil pH in our experiment, we found that the F/B ratio decreased caused by an increasing bacPLFAs rather than a decreasing funPLFAs (Fig. 2) . The increased bacterial PLFAs suggested that the bacterial compounds degraders were previously limited by nitrogen and the increased available N enabled bacteria increase significantly. In addition, the negative effect of decreased pH on bacPLFAs was inferior to the positive effect of available N and these reasons combines leading to a decrease of F/B ratio with N inputs. Our result showed that N input have significantly reduced the F/B ratio ranging from 0.40 (N0) to 0.23 (N392). Similar short-term experiments have been conducted on chestnut in the grassland of China. Bi J's results showed that the ratio of F/B declined from 0.12 (control) to 0.09 (100 kg N ha -1 yr -1 ) when N added [7] . Another experiment by Zhang N also indicated a reduced F/B ratio changing from 0.26 (control) to 0.24 (150 kg N ha -1 yr -1 ) under N input [78] . The F/B ratio in the control and N treatment of our experiment were higher than that of their results. It is possible that there was high SOC concentration (21.6 g kg -1 ) as compare with the SOC concentration of Bi J (15.52 g kg -1 ) and Zhang N (9.7 g kg -1 ) [7, 78] . It is generally known that fungus use carbon more efficiently and the soil with a higher soil C storage often has a higher F/B ratio [47] . 
Soil Enzyme Activity Response to Long-term N Addition in Microaggregate
BG, NAG and AP activities in microaggregate were not significantly affected by N addition. It was mainly due to the physical protection, which can prevent enzymes from contacting with the substrate. As the effects of mineral absorption and roots and mycorrhizal fungal hyphae, the process of enzymes degrading complex compounds into smaller products will be impeded [57] . The substrate may be restricted by compound and the conformation of enzymes in microaggregate would be changed associated with mineral absorption as well [1, 4] . In addition, the decrease in pH of microaggregate due to N addition is not significantly correlated with BG, NAG and AP activities, which may be resulted from the impact that the response of enzyme activity to chemical properties is stronger than that to decreased pH in microaggregate. Contrast with the nonresponsive BG, NAG and AP activities of N increase, LAP activity showed a significant reduction in the presence of N addition. As shown, LAP activity is significantly negatively correlated with the concentration of -N. Although LAP and NAG enzymes are both indicators of N uptake, their activities are also depends on substrate availability, which can be altered by N addition. Moreover, the significantly changed soil physiochemical properties by N addition may result in an interactive effect on NAG and LAP enzymes [12] , which may be the explanation of opposite response between NAG and LAP to N addition in microaggregate.
CONCLUSIONS
With N increasing, the activities of BG, NAG and LAP have shown a declining trend in bulk soil. Moreover, significant positive relationship is observed between bulk soil BG, NAG, LAP activities and bulk soil pH respectively, but significant negative relationships is found between bulk soil SOC and -N concentrations. The suppressed BG, NAG and LAP 
activities in bulk soil can due to the increased bulk soil SOC, -N concentrations and decreased soil pH. Besides, N addition can significantly enhance totPLFAs and bacPLFAs at N392 treatments in bulk soil. The increased soil total PLFAs and bacterial PLFAs are mainly due to the elevated available carbon from aboveground litter by N supply. However, no significant response of BG and NAG activities is detected in microaggregate except LAP activity reveals a significant reduction. Therefore, LAP activity in microaggregate may be a good indicator for assessing N cycling of microaggregate in response to long-term N addition.
